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’ζ

’ζU(  ) ζ :η(      ) = 0.6εU

ζ�f�@«6 ��!¡����>©:ª��C¡�¨d¨d�T«6¡�ª�¦�¡-à6çS§�«6¡�ª{�pãW§��Y�C�C§D�:¡WÝ^ç�à6�^ ����@¨d�@�]áî��nÝn�d���	��¡È§D¦��� �§D¨�
:à8�dª���³à��8¡�§���`§6ª�¢�������¡��{æ�§��`�d����`à�ßR�f§D«D¡�ª��fã��L�Q§D¨@�C¡���ª�§D�����8¡Mä�à8�����@�"¨@¡���à��8¡����&§D¨d¨��C�C§��C¡��Ý ø ��§����@ª�«�Ý��L����§D¨d �¡��Nç�à6�^����¡���à��8¡��>à6çS§6¨d¨�§D«6¡�ª����Yà6����¡���	��§6ªÇã �"!�������¡r��à8¨d¢È¨d�dª�¡��w���`à�ßÖ����¡z§D¨@�C¡���ª�§D�C�"�8¡��³à#�8¡���	��§D��ãÇ¦�à8 �¨@¢$��§��8¡��³§6¢�¡����`§D�[ßNà8 �¨d¢$��§��8¡n«8���8¡�ª�ãÇ§ßNà6���C¡%��§D¨d �¡�à6çN����¡Ç ����@¨d�@�]áÑî��&�'��¡nç��!§6¦��C�@à8ªÎà6çw�	��à8�C¡��à8¨@¢n¨d�dª�¡��\�Càz�	��¡Rç& �¨d¨"�C¡��>à6ç�ã��L�>ä�à8�����@�"¨T¡(�³à#�8¡��'��ß)���d¦*��@�,+-��.��@ª��	���d�t¡#�{§���ä"¨@¡�!w�d�t����¡³�dª{�:¡�¨@¨d�@«6¡�ª�¦�¡�à6ç\§D«D¡�ª��Rã§��RÝrç�à6�- ����d¨@�@�Zá�î�/�¢�¡�ª�à6�:¡�¢}�`á ïCð m$Ýw¬�ã�q0�
Ê>B�9fBD+�AC7:9J,]5�02+	,&UtA:?�+DA:7:9/+D02+DKN,/.D7\E87:.65�P�0L?�9f?�=�,/.�7\1�U�1�,/7CG¿0219/7Zí67CA:,/7CI�02+Ç5[3�9/?�E65�E�02FL0V,�U�I�021�,J9/02EDB�,/0L?�+n?!P�7:9tÜ\h�Ê>B�9R5�ED02F20V,&U,/?rAC?�+	,J9/?�F�,/.D7w1�U�1�,/7:G�AC?�+�1J021�,/1N?�=<1J7:,J,/02+DKW,/.D7MP�5�F2BD7w?�=<1J?�GR7A].65!9]5�A:,/7Z9/0L1�,/02A�?�=j,/.D7[A:?�F2F27CA:,/02?�+�?�=N5�K�7C+	,/1CuQ7�h K�h2up1J7:,J,/02+DK�,/.�73D5CU	?��n=@BD+DAZ,/0L?�+D1N?�=4,/.�7R5�K�7C+	,/1Ch-*&+6I�02A�5�,/02+DKW,/.65�,NP�5�F2BD7wE�U21�u?�B�9\5�+65�FVU�1J021\9/7CP�?�F2P�7C1>5�9/?�B�+6Iz,/.D7j=d?�F2FL?�;f02+DKWAC7C+	,J9]5�F"7CX�BD5�,/02?�+=@?�943Mm�â$561!qZu�;f.D02AZ.W=d?�F2F2?�;f1p=T9/?�G~Ù45CU	7C1C¶�,/.D7C?�9/7CGz¬

3Mm�â$571�q�þ ò ó98ï;: 3Mm�â<5�8ï;: û;1!q ò ó98ïJý 3Mm;8ï;: 5�8ïJý û01!q=3Mm;8ï/ý 571�qSû�m���q
;f.�7:9/7'8ï ý ñ�m ï ý ÷?> m$ÝM¬�ã ü qZû ï ý ÷A@ m$Ýw¬�ã6B�qZû	C	C	C]q�021�,/.D7<P�7CAZ,/?�9s?�=8,/.�702+	,/7CF2F202K�7C+�AC7C1M?�=Q,/.�7t5�K�7C+	,/1^;f0V,/.�9/7C1J387CA:,^,/?z,/.D7C0V9w5�1J1J?	AC0L5!,/7�I3D5CU	?���=dB�+DA:,/02?�+D1CuD5�+6ID8ï : ñ¤m ï : m$ÝM¬�ã ü qZû ï : m$ÝM¬�ãEB�qZû	C	C?C]q40L1<,/.�7P�7CA:,/?�9Q?�=�,/.D7Y02+	,/7CF2F20LK�7C+DA:7C1p?�=�,/.D7j5�K�7C+	,/1<;f0V,/.r9/7C1J387CAZ,Q,/?Râ^hËp?�,/7R,/.65!,�u�=@9/?�GÓ5zK�5�GR7:O$,/.�7C?�9/7:,/02At387:9/1J387CAZ,/0LP�7�u�5z38?�02+	,wÝ;f.�7:9/7<5�FLF�3�FT5CU	7Z9/1�5�9/7x9]5!,/02?�+65�Fou8m ïJý ÷ m$Ýw¬�ã�qxþÐ�s=d?�9s5�F2FD5�K�7C+	,/1�ã8u021f5jK�5�GR7p,/.D7:?�9JURË>5�1J.-7�X	BD02F20LE�9/02BDG � �	�:�$hSÊ>+-,/.�7p?�,/.D7:9<.D5�+DI{u5tÝ-5�,p;f.D02AZ.�5�FLF�AC?�GR38?�+D7C+	,/1Q?�=48ï : þÑ�N021Y5RF2?	A�5�F"Gt5!��0LG^BDG?�="âÎmo?�9SGR?�9/7f3�9/7:AC021J7CFVU	u�5YA:9/0V,/0LAC5�F838?�02+	,x?�=�,/.D7pâwm$Ý	q�1JB�9J=o5�AC7!qZh*�=�;S74A�5�+^A].D?	?�1J7F1x1J?p,/.D5�,�,/.�7s,/.�0V9]INAC?�+6I�02,/02?�+65�F�3�9/?�E65�ED02F20V,&U02+�,/.D7^0L+	,/7CK�9]5�+DI{u-3Mm;8ïJý 5�1�qZu{021\387�5�v�7�I�5�9/?�BD+6I�P�7CAZ,/?�9/1G8ïJý 5�F2F?�=�;f.D?�1J7jAC?�GR38?�+�7C+	,/1p5!9/7jACF2?�1J7j,/?z�tmd,/.65�,Q021p5�K�7:+�,/1p5�9/7N5�EDF27,/?��&F27�5!9/+D��,/.�7C0V9R,]5�1Jv�1]qZu4,/.D7:+Ç;S7z.65�P�7WFL02v�7:F2UÇ02+6I�BDAC7CIÇFL5�9/K�73D5CU	?��ÇB�,/02F20V,&U³02+�,/7:FLF202K�7:+DAC7C1Chr*�=<;S7RA�5�+�5�FL1J?[.D5�P�7M,/.D7R1J7CA:?�+6I,/7Z9/GzuH3Mm;8ï : 5I8ï ý ûA1�qZu�E87t387�5�v�7�In5�E8?�B�,(8ï : 7�X	B65�Fx,/?�8ï ý md,/.65!,021w,/.�7t365CU	?��È5�+DI�;4?�9/FTI�B�,/02F20V,/027C1M5!9/7z5�F202K�+�7�I6qZu�,/.�7C+�8ï;: ;f02FLF5�F21J?ÇE87�FL5�9/K�7�h¤·�02+65�F2F2U	uQ0V=j,/.D7z´�9/1�,-,/7Z9/G 02+È,/.�7[02+�,/7:K�9]5�+DI{u3Mm�â$5�8ï0: û;1!qZu�021<387�5�v�7CIr5�E8?�B�,f.�0LK�.[â�;f.�7C+J8ï;: 021QFL5!9/K�7�u�,/.D7C+?�B�9QA].D?�02AC7Y?�=�1>;f0LF2F`FL02v�7:F2U-9/7C1JB�F2,Q02+r.�02K�.�â^uD5�1QI�7:1J029/7CI{h
?�=�GR7�5�1JB�9/7\Gt5CUtE87YBD1J7�IW5�+DIW,/.D7>,/.�7C?�9/7:GR14;f0LF2F`1�,/0LF2F`.D?�FLI�h

2.2 Factorednessand Learnability°4.D7\9/7CX�B�0V9/7CGR7C+	,<,/.65!,p3D5CU	?���=dB�+DA:,/02?�+D1Q.65�P�7Y.D02K�.��&1J02K�+D5�FVO,/?�O�+�?�021J7C��m$5�+n021J1JBD7t+�?�,^AC?�+�1J0TI�7:9/7�I�02+nAC?�+�P�7C+	,/0L?�+65�Fx;4?�9/v�02+GR7CA].65�+D021JG I�7C1J02K�+6q-5!9/021J7C1z02+�,/.D7[,/.D0V9]I},/7Z9/GzhÎ*�,W021r02+�,/.D71J7CAC?�+6Ir,/7:9/G¿,/.D5�,f,/.D7\9/7CX�B�0V9/7CGR7C+	,<,/.65!,Q,/.�7\365CU	?���=dBD+�A:,/02?�+�1E87[��5�F20LK�+D7�Iz;f0V,/.�â>�t5!9/0L1J7:1Ch4*&+W,/.D021<;4?�9/vt;47jAC?�+DAC7:+�,J9]5!,/7j?�+,/.D7:1J7j,�;4?M,/7:9/GR1Cu65�+DIr1J.D?�;�.D?�;Ð,/?M1J02G^BDFV,]5�+�7C?�B�1JF2Ur1J7:,Q,/.D7CG,/?M.D5!P�7>,/.D7YI�7C1J0V9/7�IW=@?�9/Gzhi\7:,]5�02FL1<?�=�,/.D7p1�,/?	AZ.D5�1�,/02AY7C+�P�0V9/?�+DGR7:+�,x02+W;f.�0LA].t,/.D7\AC?�F2FL7:A:O,/02?�+z?�=s5�K�7C+	,/1p?�387:9]5�,/7�u�,/?�K�7:,/.D7:9f;f0V,/.[I�7:,]5�02F21p?�=",/.D7YF27�5!9/+D02+DK5�F2K�?�9/0V,/.DGR1-?�=\,/.�7[5�K�7C+	,/1Cup5�9/7z9/7:íD7CA:,/7�IÇ0L+},/.D7�I�021�,J9/02EDB�,/02?�+3Mm$Ý	qp;f.�0LA].�B�+6I�7Z9/FL027C1j,/.D7MI�021�,J9/02EDB�,/02?�+D1^5�3D387C5�9/02+DKz02+n¯sX	B65!O,/02?�+È��hÇË>?�,/7W,/.�?�BDK�.n,/.65�,rbdc�K	ºML�ºZc�K	ºZcDewa=NWe"O�ºZ¹Cº[½/a�c�¹]bPK	º0QSR7Teob$a�c�¹/uD?�B�9fI�7C1J0V9/7�I-=@?�9/GH=@?�9<,/.D7p1J7CAC?�+6IR,/7:9/G¿02+r¯sX	B65!,/0L?�+z�j0215�1J1JB�9/7�IR0V={;S7p.D5�P�7fAZ.�?�1J7C+t365CU	?��rB�,/02FL0V,/027C1x1JBDA].M,/.65�,U8ï ý 7�X	B65�F218ï;: 7:��5�A:,/FVU�NCaVQ�RVWXW{Ý�hz��7RAC5�F2F41JBDA].n5z1�U�1�,/7CGÌç�§6¦��CàD��¡�¢xhz*&+K�5�GR7<,/.D7C?�9JUMFL5�+�K�B65�K�7�u	,/.�7fË\5�1J.R7CX�B�02FL02E�9/0T5Y?�={5Y=d5�A:,/?�9/7�IR1�U�1�O,/7CGÓ5�9/7rF2?	A�5�FfGt5���02Gt5�?�=Yâ^h�*�+Ç5�IDI�0V,/0L?�+Ç,/?�,/.D021RI�7C1J0V9]5�E�FL77�X	BD02F202E�9/02BDG E87:.65�P�0L?�9�uf=o5�AZ,/?�9/7�I�1�U�1�,/7CGR1t5�FL1J?Ç5�B�,/?�Gt5!,/02A�5�F2FVU3�9/?!P�0LI�7Y5�3D3�9/?�3�9/0L5!,/7Y?��8O�7�X	BD02F202E�9/02BDG¿02+�AC7C+	,/02P�7C14,/?w,/.�7Y5�K�7C+	,/1m$5�+t021J1JBD7Q9]5�9/7CFVUtAC?�+D1J0LI�7Z9/7�I-02+R,/.D7QK�5�GR7Q,/.�7C?�9JUtÞYGR7:AZ.D5�+D021JGI�7:1J0LK�+zF20V,/7:9]5�,/B�9/7!qZh|p1j5r,J9/02P�0L5�Fs7:��5�GR3�FL7�u"5�+	UÀ��,/7C5�GÂK�5�GR7C�[02+³;f.�0LA].n5�FLFs,/.D7365CU	?��^=@BD+�A:,/02?�+D1{7�X	B65�F�ân0L1{=o5�A:,/?�9/7�IR� Ã��$h"Æp?�;47CP�7Z9`,/7�5�G�K�5�GR7:1?�=T,/7C+[.65�P�7>P�7:9JU-38?	?�9Q=d?�9/GR1f=@?�9Q,/7:9/G~�w02+[¯sX	B65�,/02?�+���u�=d?�9/GR1;f.D02A].jK�7:,�3�9/?�K�9/7C1J1J02P�7CFVU\;S?�9/1J745�1`,/.�7s1J02�C7x?�=�,/.D7�1�U�1�,/7CGÀK�9/?�;f1Ch°4.D021t021tE87CA�5�B�1J7r=d?�9-FT5!9/K�7�1�U�1�,/7CGR1w;f.�7:9/7�â 1J7C+D1J0V,/02P�7CFVU}I�7ZO387C+DI�1<?�+r5�F2F{AC?�GR38?�+D7C+	,/14?�=�,/.D7p1�U�1�,/7:Gzu�7C5�A].z5�K�7C+	,QGt5�UM7:��O387:9/027C+�AC7jI�0VyRACB�FV,&UWI�021JAC7:9/+�02+DKw,/.�7\7:��7CA:,/1f?�=�02,/1Q5�A:,/02?�+D1Q?�+zâ^h|p1S5YAC?�+�1J7�X	BD7C+�AC7�u�7�5�AZ.tãwGt5CUw.65�P�7QI�0VyRACB�FV,&UR5�AZ.�027CP�0L+�K^.�02K�.é ê 0L+Ç5z,/7�5�G K�5�GR7�h���7-A�5�+�X�BD5�+	,/0V=@U³,/.D021w1J02K�+D5�FTÞ�+�?�021J7z7:=TO=d7:A:,RE	UnAC?�GR365�9/02+�K�,/.�7-9]5�GR02´DA�5�,/02?�+D1M?�+Çé�ê�m$Ý�qw5�9/021J02+DK�=@9/?�GA].65�+�K�7C1s,/?NÝ ê ;f0V,/.M,/.D7<9]5�GR0V´6AC5�,/02?�+�145�9/021J02+DKj=@9/?�GÚA].65�+DK�7C1x,/?Ý�Y ê mo0oh 7�h2uxAZ.D5�+DK�7C1w,/?³5�F2F<+D?�I�7C1[a�e"O�º0Q^,/.D5�+�ã�qZh���7-A�5�FLF4,/.�021X	B65�+�,/0V´DA�5�,/02?�+z,/.�7jI�0V��7:9/7C+	,/0L5�F�¨@¡�§D��ª�§D���d¨d�@�]á�?�=�365CU	?���B�,/02FL0V,�Ué�ê�u�0L+-,/.D7YP�02AC02+D0V,&U-?�=�Ýz� ���!�$¬
Z êV[ ý ÷ m$Ý	q�ñ]\ 8^Mõ ÷ é ê m$Ý	q \\ 8^wõCö ÷�é ê m$Ý�q \ � m$��q

°4.D7jI�7C+D?�GR02+65�,/?�9f02+z¯sX�BD5�,/02?�+z�^9/7:í67:A:,/1<.D?�;À1J7C+D1J0V,/02P�7\é ê m$Ý	q021\,/?rA].65�+DK�7:1Y0L+³Ý Y ê u`?�9jA].65�+�K�7C1\,/?W5�K�7C+	,/1Y?�,/.�7:9Y,/.65�+³ã8h^*&+AC?�+�,J9]5�1�,�up,/.�7�+�B�GR7:9]5�,/?�9t9/7:í67CAZ,/1W.�?!; 1J7C+D1J0V,/02P�7[é ê m$Ý	qR021-,/?A].65�+�K�02+DKwÝ ê hx±�?w5!,Q5^K�0LP�7C+r1�,]5!,/7YÝ�u�,/.D7p.D02K�.�7:9<,/.D7pFL7C5�9/+65�ED02FVO0V,&U	u�,/.�7pGR?�9/7<é�ê�m$Ý	qxI�7C387C+6I�1x?�+R,/.D7QGR?�P�7Q?�=�5�K�7C+	,Sã�u�0oh 7�h2u�,/.D7E87:,J,/7:9Q,/.D7^5�1J1J?	A:0T5!,/7�I�1J0LK�+65�F2O$,/?�O�+�?�021J7^9]5!,/02?-=@?�9\ã8hQ*&+	,/B�02,/02P�7:F2U,/.D7:+`u�.D02K�.D7:9jF27�5!9/+65�E�02FL0V,�U�GR7�5�+�1\0V,Y021\7�5�1J027:9j=@?�9Yãz,/?r5�A].D027CP�75wFL5�9/K�7jP�5�FLB�7\?�=�0V,/1f02+	,/7CF2FL02K�7C+DAC7�h
2.3 Differ enceUtilitiesÉS?�+�1J0LI�7:9p¢��Tåx¡��!¡�ª�¦�¡WB�,/02FL0V,/027C1Cu�;f.D02AZ.z5�9/7Y?�=�,/.D7\=d?�9/Gz¬

î^m$Ý	qxþ�âwm$Ý	q�ú_xma`�m$Ý	qJq4û moÃ	q
;f.D7Z9/7(_xma`8qw021M02+DI�7C387C+DI�7C+	,w?�=>Ý ê hÈ±�B�AZ.�I�0V��7:9/7C+DA:7rB�,/02F20V,/027C15�9/7Q=o5�A:,/?�9/7�I�� ���:�$hs*&+-5�IDI�0V,/02?�+{u�BD+6I�7:94B�1JB65�FLFVUtE87C+�02K�+-5�3�3�9/?���O02Gt5�,/02?�+�1Cu�,/.�7fI�0V��7:9/7C+	,/0L5�F�F27�5�9/+D5�ED02F20V,&UwA�5�+ME87SGt5���02GR0L�:7�I^?!P�7:9,/.D7Y1J7Z,p?�=sI�0V��7:9/7C+�AC7YB�,/02F20V,/027C1pE	U-A].D?	?�1J02+�K�`Wñ�âÎ5�+DIr1J7:,J,/02+DK_[,/?^,/.D7p7:��387CA:,/7�IRP�5�F2BD7p?�387:9]5!,/?�9N� ���Z��h���7>A�5�FLF�,/.D7f9/7C1JB�F2,]5�+	,I�0V��7:9/7:+DAC7YB�,/0LF20V,&Ut,/.�7Y£-���d�C�:à`¦���§��cbQ,/0LF20V,&U�m$|�bYqZ¬

d î^m$Ý	q�þÀâwm$Ý	q�úDeRm�â$5�Ý�Y ê ûA1�q � m���q
*�=s38?�1J1J0LE�F27�u�;47^;S?�B�FTI[F202v�7N7�5�A].�5�K�7C+	,>ãr,/?tBD1J7j,/.D7^5�1J1J?	AC0VO5�,/7CIW|�bÀ5�140V,/143D5CU	?��W=dBD+�A:,/02?�+t,/?^7:+D1JB�9/7pK�?	?�It=d?�9/GÑ=d?�9fE8?�,/.
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3. MULTI-A GENT GRID WORLD PROBLEM
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